Wood assessment optimization should be the top priority of the forestry subjects that are fundamentally dependent on the income from its sale. The aim of this paper is to analyse the beech, oak and ash tree logs that were categorized into quality classes according to the size of one of the qualitative characters related to the surface area (false heartwood, rot). The classical methodology used in forestry was compared with the application of ImageJ software. In total, thirty logs were analysed. The characters of false heartwood and rot were chosen and evaluated according to their size on the log end. There were no other characters that obstructed the categorization into quality classes. The ImageJ software application led to improved assessment (transfer to a higher quality class) in 56% of the logs. The volume of the evaluated assortments was 18.43 m 3 . The total difference in the value of the assortments with the ImageJ software application reached + €70.44 (+ 4.7%). The analysis therefore confirmed that in case of a considerable irregularity in a qualitative character (when the surface area of the character significantly differs from the circumscribed circular surface), the standard STN EN 1309-3 methodology systematically overvalues the surface area of this character. That affects the assessment potential of the specific log.
Introduction
Evaluation of the produced wood consists of assessing the size of its qualitative characters and technical conditions that define the allowed or unallowed size of these characters. Since the qualitative wood evaluation according to its positive qualitative characters is not yet possible, it is evaluated only according to the occurrence and size of the negative qualitative characters (wood defects). This evaluation method develops a quality framework that constitutes the basis for the sellerbuyer relationship. The seller and the buyer can stipulate specific conditions as well as price levels depending on the basic quality sorting defined by the technical conditions (Hein et al. 2007; Gejdoš & Danihelová 2015) . For the optimization of the produced wood evaluation it is necessary to know the qualitative characters of the wood and their measurement and assessment methods. In the European trade area they are defined primarily in the standards STN EN 844-8 "Round and sawn timber. Terminology. Part 8: Terms relating to features of round timber" and STN EN 1309-3 "Round and sawn timber.
Methods of measurements. Part 3:
Features and biological degradations". In the forestry practice, the qualitative characters are assessed and measured either manually (by visual evaluation), or electronically (mainly through scanners). The electronic evaluations and measurements require the investment in devices as well as construction works that are not profitable in forestry. Usually they are bought only by timber processors with a high concentration of wood stock inventories where the application of electronic devices increases the economic profit (Gergeľ et al. 2019 ). There is a relatively wide range of software tools that offer a simplified analysis of qualitative characters. Most of them are paid applications. However, there are also free software tools that can evaluate the surface area of certain qualitative characters from high-quality photographs (Gejdoš et al. 2014 ). The irregular shape of the qualitative characters evaluated according to their surface area (like rot, discolouration, false heartwood, spalting, reaction wood) can cause significant measurement deviations, since according to the STN EN 1309-3 the diameter of the circle circumscribing such a character has to be measured. This method significantly overvalues the surface area of the character. Software tools use photographing analysis that enables considerably more tree species in the storehouse in winter as well as to the qualitative characters crucial for their categorization. Only those logs were analysed where the qualitative categorization depended solely on one qualitative character assessed according to its size on the surface area of the log. The qualitative character in beech and ash trees was false heartwood (heartwood by ash). In oak trees it was heartwood rot.
The qualitative characters were at first measured manually according to the standard STN EN 1309-3 (Fig. 1) . As an alternative for optimization of qualitative evaluation of these assortments the ImageJ software was selected. Its use and methodology of surface area assessment for the beech trees with false heartwood or other characters is described in the papers of (Gurau et al. 2013; Gejdoš et al. 2014; Phonetip et al. 2017; Potkány et al. 2018) . Assessment methodology of the characters in this software was adopted from the paper by (Gejdoš et al. 2014) . The assessment of the qualitative characters in the software consists of the following steps: -Production and processing of a digital image perpendicularly to the log axis that has a qualitative character. Manual measurement of the log end diameter according to standard dendrometric rules. -Digital image processing in the software and determination of the reference dimension (reference dimension is the diameter of the log end in centimetres) - Fig. 2a . The percentage of the surface area of the selected accurate evaluation of qualitative characters, as they can determine the exact value of such a character on the surface of the log. The aim of this paper is to verify whether the application of the ImageJ software tool for the qualitative analysis of the selected broad-leaved trees logs is a suitable alternative for qualitative assessment of wood. The classical approach used in forestry was compared to the application of ImageJ software. The software tool should enable economically more effective assessment of raw wood assortments, where the size of qualitative characters determines the categorization into quality class. Presence of false heartwood and its percentage has a significant impact on the possibilities of its assessment and on the purpose of its use. Many authors described the efficiency of the logs with false heartwood in its processing from the sawing process to the end product: Petráš (2015) created the models for assessing the growth and production of the forest covers. Račko & Čunderlík (2006) proved that false heartwood occurs in 1/3 of the beech logs, mainly in older trees. It is caused by many factors, their influence was analysed in the papers of (Račko & Čunderlík 2010) . The authors compared age of the trees, dimension of the trees, representation of tree species in the forest cover as well as size of the tree crowns. It was concluded that the most significant factor affecting the presence and creation of the false heartwood is the age of the trees. Crown size and representation of tree species in the forest cover do not have a major influence on the false heartwood presence. A high share of the round timber with false heartwood in beech trees affects its processing into sawn timber. Popadić et al. (2014) studied the influence of the round timber sawing method with false heartwood in beech trees on its assessment. Results suggest that the largest yield was achieved when using round sawing and cant sawing. (Barański et al. 2017 ) and (Shahverdi et al. 2013) proved that the presence of false heartwood in the beech sawn timber greatly affects the drying process and the final quality of the sawn timber. If the beech wood is used for veneer production, the presence, percentage and shape of the false heartwood also must be taken into consideration. It is necessary to determine the optimum thickness of the beech round timber for veneer production. Bluskova et al. (2008) discovered that the most suitable round timber for veneer production is 400 mm thick.
This overview proves that the share of false heartwood in the beech round timber greatly affects its assessment and this character has to be taken into consideration in every stage of technological process.
Material and methods
Thirty logs in total were analysed: European beech (Fagus sylvatica) -26 logs, sessile oak (Quercus petraea) -3 logs, and European ash (Fraxinus excelsior) -1 log. The amount of samples was limited to the availability of qualitative character on the log end is easily expressed by this simple process. It calculates the exact surface area of the qualitative character without overvaluation. The overvaluation caused by using the standard method is obvious also in the Fig. 1 (the "healthy" wood areas are included in the surface area of the qualitative character). Figure 2 shows the processing procedure in the ImageJ software. This procedure was used on all the analysed logs. Gejdoš et al. / Cent. Eur. For. J. 65 (2019) 218-222 
results and discussion
From the chosen two qualitative characters that were assessed according to the surface area and that were the only restricting characters for qualitative classification, the character false heartwood was identified in 26 beech logs and 1 ash log. The character rot was identified in 3 oak logs. The classification into corresponding quality classes in view of the qualitative characters according to the standard STN EN 1309-3 and technical conditions STN 48 0056 can be seen in Table 1 . The assortments were assessed with the ImageJ software and in accordance with the standards. The application of the ImageJ software led to better assessment (transfer to a higher quality class) in 56% of logs. Paradoxically, the price for the quality class I. beech wood in the price list was 116.72 € m −3 without VAT and for the quality class II. beech wood 119.28 € m −3 without VAT. Therefore, in two cases the transfer to a higher quality class paradoxically had a negative economic impact. However, such situations occur only rarely on the market. This fact is also negatively affected by the long-term situation on the market with valuable logs and beech sawmill round timber. The processors show only little interest in these kinds of assortment. Subsequently, such paradoxes reflect in price lists and implementation of the commercial policy. Table 2 shows the amount of logs classified into the corresponding quality classes according to the standard STN 48 0056 (2007) . The qualitative characters of the logs The logs were categorized into quality classes according to the 2007 standard STN 48 0056. This standard classifies broad-leaved raw wood assortments. The determinative characters assessed according to the surface area in these quality classes are false heartwood and rot. The allowed area of these qualitative characters in round timber quality classes II. and III. is stated in Table  1 . Quality class II. includes logs for peeled veneer production, logs for match production, sports equipment, technical equipment and cask production. The quality class III. wood is used mainly for sawmill processing. In higher quality classes the occurrence of these characters is not allowed. In lower quality classes it is allowed without restrictions.
For assessing the economic efficiency of the ImageJ software, the average Slovak prices from the price list of the Forest Market Information System for the fourth quarter of 2018 were used. The prices in Slovakia are stated in € m −3 excluding VAT at CIF level. Volume of assortments was determined individually by the Smalian formula For simple calculations and graphical evaluation, MS Excel 2013 was used. To measure the size of false heartwood steel meter (band) was used, and to measure assortments thickness standardized calliper was used. Photographic documentation was done with digital camera NIKON D5200 with an effective megapixel count 24.1 and lens with a focal length f = 18.0 mm. Printed graphics and other evaluations were performed by the software product ImageJ 1.52a.
[1] assessed. One hundred logs in total were analysed. Overall, the economic assessment of the wood improved by €426.68.
In the study of Gejdoš et al. (2014) the ImageJ software analysed 63 logs with false heartwood. Such evaluation method also led to better assessment of the wood assortments, in comparison with the classical evaluation according to the standards, by €399.54. However, this study also included logs that were categorized into quality classes not only according to the size of the qualitative characters related to the surface area. The assessed logs came mostly from tending felling. Our study analysed only the logs that were categorized into quality classes solely according to the size of the qualitative characters related to the surface area and the assessed logs came mostly from principal felling.
All studies therefore confirm that if the size of the qualitative characters related to the surface area was analysed more precisely, the qualitative classification would be more accurate and the overall assessment of the assortments would be higher. In Slovakia, the sales of the sold wood comprise almost 90% of the forestry incomes. Therefore, seeking ways to optimize the assessment of raw wood assortments should be the top priority of forestry practice and research.
Conclusion
The disadvantage of using the ImageJ software is that for the time being it is not a part of standard legislation for assessing the qualitative characters of the logs. Another disadvantage is that it is not quite possible to unify the methods of taking and evaluating photographs in the working practice (different parameters of cameras, camera angles, lighting conditions, etc.). However, it is a simple tool that could be used even in difficult conditions of forestry practice. For these purposes, there are already some similar tools used in the forms of various mobile applications or software solutions for mobile devices. In forestry, using the CT scanners and tomographs for size detection of qualitative characters is not profitable for operational and economic reasons. Incorrect qualitative assessment often leads to wrongful categorization of logs into lower quality classes and to decreased potential for higher-quality processing (Hajdúchová et al. 2016 ). The software possibilities are being dynamically developed Table 3 . Economic assessment of the analysed beech, oak and ash round timber logs using two evaluation methods. 
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M. Gejdoš et al. / Cent. Eur. For. J. 65 (2019) 218-222 were assessed according to the standard STN EN 1309-3 and the ImageJ software algorithm. According to the ImageJ software, the average surface area of false heartwood and rot on all log ends comprised 15.35% of the whole surface of the log end. Table 3 shows the economic evaluation of both methods of qualitative classification of spruce logs. The volume of the evaluated assortments was 18.43 m 3 . The total difference in the value of the assortments with the application of the ImageJ software reached + €70.44 (+ 4.7%). A change in the evaluation methodology of qualitative characters assessed according to their size can lead to a more precise evaluation of the produced raw wood assortments despite the aforementioned market paradoxes with the beech round timber.
The analysis therefore confirmed that in case of a considerable irregularity in a qualitative character (when the surface area of the character significantly differs from the circumscribed circular surface), the methodology stated in the standard STN EN 1309-3 systematically overvalues the surface area of this character. That affects the assessment potential of the specific log. In case of oak sawmill round timber the decisive character that significantly restricted qualitative classification was rot. Here the use of new methodology did not lead to qualitative shift of produced assortments. The same applied to ash logs. There was not a sufficient amount of oak and ash tree logs that could definitely prove the positive influence of the new methodology on their assessment. Since beech is the most common tree in Slovak forests where false heartwood occurs quite often, application of this evaluation method on yearly production volume of the beech assortments could lead to significant improvement in their economic assessment.
In the study of Potkány et al. (2018) this evaluation method also led to better assessment of the raw wood assortments produced from spruce sawmill round timber. The qualitative characters of reaction wood, rot and wood discolouration on sawmill round timber were also in forestry. Together with the potential for greater application increase the demands on knowledge and experience of the management and people assessing the logs. It is therefore important to be willing to implement innovations, to test them and to subsequently use them in forestry practice. At the same time it is necessary to adjust the corresponding standards, technical conditions and legislation in such a way that it will be possible to optimize the qualitative potential of raw wood assortments. However, the processors will most probably not be willing to change anything in this area because it could have a negative impact on their economic balance. Nevertheless, the results of this study show that the innovative way of assessing the qualitative characters can lead to a more accurate evaluation of qualitative characters and therefore to the optimization of raw wood assortments evaluation.
